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Description

[0001] Thisinvention relates to processes for the pro-
duction of Zintl compounds, processes for the produc-
tion of intermetallic compounds and processes for man-
ufacturing electronic components including intermetallic
compounds. In particular, this invention relates to the
application of intermetallic compounds in the manufac-
ture of electronic components. More specifically, this in-
vention relates to a method of applying intermetallic
compositions onto the surface of electronic compo-
nents.

[0002] Intermetallic compounds and Zintl phases
have been known for some time. Zintl compounds are
binary compounds formed between alkali or alkaline
earth elements and post transition elements [(see for ex-
ample, "Chemistry, Structure, and Bonding of Zintl
Phases and lons", Ed. Susan M. Kauzlarich, VCH Pub-
lishers, (1996)]. One of the earliest examples of Zintl
ions were those formed by the reaction of sodium in lig-
uid ammonia with a variety of Group 14 metals, such as
lead, to form, e.g. 4[Na(NH5), *][Pbg]*-. These complex-
es are unstable due to the facile liberation of NH3, which
can occur at low temperatures to form intermetallic com-
positions of the type NaPb,.

[0003] The isolation of solid derivatives of Zintl anions
using ethylenediamine in the place of ammonia has
been reported in which the alloy composition
NaSn, 4., 5, on slow dissolution in warm ethylenedi-
amine followed by precipitation on the addition of THF
or monoglyme, generates the species Na,(en);Sng (en
= ethylenediamine).

[0004] Macrocyclic ligands, such as 2,2,2-crypt, have
been used in place of ammonia or ethylenediamine due
to their effective sequestering capabilities. The stability
of these cryptate complexes, an example of which in-
cludes [2(2,2,2-crypt-K)*[Pbs]2*, have enabled exten-
sive characterisation of their crystal structures.

[0005] However, hitherto, the available techniques for
producing Zintl compounds, have been cumbersome,
especially where it is desired to produce Zintl com-
pounds with predetermined stoichiometries. For exam-
ple, the majority of these compounds have been ob-
tained by dissolving pre-formed stoichiometric alloys of
metals in ammonia. This route, which is required to ob-
tain stoichiometric control of the product, involves high-
temperature methods and highly specialised tech-
nigues. As a result, Zintl compounds, particularly of the
heaviest (most metallic) post-transition elements, have
generally only been prepared in very small scale (10-50
mg) and have therefore not been broadly accessible to
the majority of synthetic chemists or useful in industrial
processes.

[0006] Asindicated, the invention also relates to proc-
esses for producing intermetallic compounds. Interme-
tallic compounds, which may be defined as mixed metal
compounds of the type M',M2,...M3,, possess proper-
ties that do not necessarily resemble the respective al-
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loys and often exhibit properties which are intermediate
between their component elements.

[0007] The majority of intermetallic alloys behave as
semi-conductors and have thus found extensive appli-
cations in the electronics industry. Some intermetallic
compounds display photoactive properties and these
have been employed in photodetector components. The
properties of the intermetallic layer are dependent upon
the stoichiometry of the metal components. Thus the
stoichiometric control of the metal components is impor-
tant in order to achieve the desired electrical properties
of the intermetallic layers.

[0008] The existing process for the manufacture of
electronic components such as vacuum photodiodes
having intermetallic layers based on antimony and alkali
metals, involve the high temperature formation of anti-
mony/alkali metal intermetallic layers using metal va-
pours. This deposition process typically involves prede-
positing an antimony layer onto the surface of the elec-
tronic component, followed by the addition of an alkali
metal in vapour form. This process is highly labour in-
tensive and the characteristics of the intermetallic films
deposited are often variable as a consequence of inher-
ently poor control of their stoichiometry.

[0009] It would therefore be highly desirable to im-
prove the method in which intermetallic layers can be
deposited onto electronic components during their man-
ufacture. In addition, it would be advantageous to obtain
a higher degree of stoichiometric control than those of-
fered by the existing vapour deposition method.

[0010] Thus, itis a further object of the present inven-
tion to provide an improved process of forming interme-
tallic layers for use in the manufacture of electronic com-
ponents. Such electronic components include photom-
ultipliers and other photodetectors used in, e.g., medical
scanners and scientific instruments.

[0011] Another object of the present invention is to
provide a method of producing intermetallic layers in
which the stoichiometry can be controlled to furnish films
with essentially consistent characteristics.

[0012] The presentinventionin allits aspects followed
from the development of a novel procedure for produc-
ing Zintl compounds from stable precursors. This pro-
cedure enabled for the first time the production of Zintl
compounds by a convenient route in a manner which
permitted the Zintl compounds to be produced with
preselected stoichiometries between the metal compo-
nents thereof.

[0013] Advantageously, the use of a stable precursor
to generate a Zintl compound that may be subsequently
converted to an intermetallic alloy according to the
present invention, allows the possibility for the deposi-
tion of the intermetallic alloy from solution at low tem-
perature. Such a method provides a substantial im-
provement over existing vapour phase deposition tech-
niques. The method of the present invention provides a
convenient route to the formation of Zintl compounds on
a gram or multi-gram scale.
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[0014] Thus, the invention provides a novel applica-
tion of Zintl compounds, especially when produced in
accordance with the first aspect of the invention, in the
manufacture of electronic components having surface
coatings formed from intermetallic compounds.

[0015] According to the present invention, there is
provided a process for the production of a Zintl com-
pound comprising subjecting a heterometallic phosphi-
nidene complex to thermal decomposition.

[0016] The heterometallic phosphinidene complex
typically comprises at least two metals. Preferably one
of the metals may be a metal of Group 13, 14 or 15 of
the Periodic Table. Particularly preferred metals are
those from Group 15 of the Periodic Table, including As,
Sb and Bi.

[0017] The second of the metals is preferably a metal
of Group 1 of the Periodic Table, e,g, Li, Na, K, Rb or Cs.
[0018] The heterometallic phosphinidene complex
used in the process of the invention preferably contains
one or more phosphinidene ligands [PR], which may be
the same or different. The phosphorus atom of each
phosphinidene ligand is covalently linked to a substitut-
ed or unsubstituted hydrocarbyl group, R.

[0019] The unsubstituted or substituted hydrocarbyl
group, R, typically contains 1 to 15, preferably 4 to 10
carbon atoms, and may be selected from alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, aralkyl, and alkaryl. Typical sub-
stituents include F and alkylsilyl groups.

[0020] A particularly preferred phosphinidene ligand
is PCy (Cy = cyclohexyl, CgH4¢), wherein the phospho-
rus atom is linked to a cyclohexyl group. Other examples
of possible substituents include 1Bu [tertiary butyl,
(CH3)3C-1, Pr [isopropyl, (CH53),CH-], bis(trimethylsilyl)
methyl  [(CH3Si),CH-], tris(trimethylsilyl)methyl  {[
(CH3)3Si]3C-}. trimethylsilyl [(CH5)3Si] and fluorinated
groups such as pentafluorophenyl (CgFs).

[0021] The phosphorus atom of each phosphinidene
ligand in the heterometallic phosphinidene complex is
generally coordinated to four metal atoms. Itis preferred
that the phosphorus atom is coordinated to three Group
| metal atoms and one metal atom of Groups 3, 14 or 15.
[0022] The heterometallic phosphinidene complex
may further comprise an additional ligand or ligands
which may be Lewis bases. The structure of the complex
will depend upon the identities of the metals and ligands.
[0023] Thus the preferred phosphinidene complexes
referred to above can have various structures depend-
ing on the Group 13, 14 or 15 metal(s) present and on
the alkali metal(s) and Lewis base ligand(s). Generally,
however, the phosphinidene ligands (PR) are bridged
between the Group 13, 14 or 15 metals and the alkali
metals (i.e. the complexes will contain M1-P(R)-M2
groupings; M1 = Group 13-15 metal, M2 = Group 1 met-
al) and the phosphorus atom of the phosphinidene
group will generally be coordinated by up to four metal
atoms (for example, one Group 13, 14 or 15 metal and
three alkali metals, as in Compound I).

[0024] The Group 13, 14 and 15 metals will usually
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be in their +3, +2 and +3 oxidation states respectively.
[0025] As indicated, the heterometallic phosphini-
dene complex may further comprise an additional Lewis
base ligand coordinated to one or more of the metal at-
oms. Preferred Lewis base ligands are primary, second-
ary or tertiary amines of formula R'R2R3N, wherein
each of R, R2 and R3 represent hydrogen, a C4-Cy,
alkyl or C4-C4g aryl group. In addition other Lewis bases
such as polyamines [e.g. ethylenediamine (H,NCH,),],
permethylated polyamines (for example TMEDA ({[
(CH3),NCH,],} and PMDETA {l
(CH3),NCH,CH,],NCHS}), pyridine (C5H5N) or polypy-
ridines [such as 2,2'-bipyridine (C5H,4N),], may be em-
ployed. Oxygen donors such as ethers (e.g. tetrahydro-
furan, THF) may also be used.

[0026] The thermal decomposition process of the in-
vention may result in the co-production of a phosphorus
compound having at least one P-P bond, e.g. a cyclic
phosphinidene. The thermal decomposition typically in-
volves a so-called "reductive phosphinidene coupling"”
or "reductive elimination" in the conversion of the phos-
phinidene intermediate into the Zintl complex. In such
instances, the formation of phosphorus-phosphorus
bonds, which have the highest bond energy between
any Group 15 elements, provides the necessary ther-
modynamic driving force for the reaction to take place.
As indicated below, a cyclic phosphinidene compound
may be formed as a by-product and as will be appreci-
ated, such a by-product will contain more than one P-P
bond.

[0027] Thus in one embodiment, the present inven-
tion comprises subjecting a heterometallic phosphini-
dene complex to a thermal decomposition reaction,
wherein the heterometallic phosphinidene comprises:

(i) a plurality of phosphinidene ligands, [PR] where-
in each R which may be the same or different, is
selected from substituted or unsubstituted C; - C45
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, and
alkaryl, wherein the substituents may be F or alkyls-
ilyl groups,

(ii) at least one metal selected from a Group 13, 14
or 15 metal;

(iii) at least one Group | metal selected from Li, Na,
K, Rb, Cs; and

(iv) a plurality of labile, Lewis-base stabilising lig-
ands, each of which may be the same or different,
(and preferably as described above)

and said thermal decomposition process results
in the co-production of a cyclic phosphinidene com-
pound [PR],,, wherein n = 4-6.
[0028] A particularly preferred process according to
the invention comprises subjecting a heterometallic
phosphinidene complex to a thermal decomposition re-
action, wherein the heterometallic phosphinidene com-
plex comprises:
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(i) a plurality of phosphinidene ligands, [PR] where-
in each R which may be the same or different, is
selected from substituted or unsubstituted C; - Cy5
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, and
alkaryl, wherein the substituents may be F or alkyls-
ilyl groups,

(i) at least one metal selected from Ge, Sn, Pb, As,
Sb and Bi.

(iii) at least one metal selected from Li, Na, K, Rb
and Cs,

(iv) a plurality of labile, Lewis-base stabilising lig-
ands, each of which may be the same or different,

and said thermal decomposition process results
in the co-production of a cyclic phosphinidene com-
pound [PR],, wherein n = 4-6.
[0029] In the above embodiments R preferably con-
tains 4 to 10 carbon atoms.
[0030] Preferably the phosphinidene compound has
the formula (M1)(M2),,(Lg),(PR),, wherein M is a metal
of Group 13, 14 or 15 of the Periodic Table, M2 is a metal
of Group 1 of the Periodic Table, PR is a phosphinidene
ligand, Lg is a Lewis base ligand and each of n, m, p
and r are in the range 1 to 10.
[0031] In the above formula, M' is preferably As, Sb
and Bi and M2 is preferably Li, Na, K or Rb. The group
"R" in the phosphinidene ligand (PR) is preferably as
defined above. Also, in the above formula, Lg is a Lewis
base ligand which may be a primary, secondary or ter-
tiary amine of formula R'R2R3N, wherein each of R1, R2
and R3 represent hydrogen, C4-C4 alkyl or C4-C4q aryl
group. In addition other Lewis bases such as
polyamines [e.g. ethylenediamine (H,NCH,),], per-
methylated polyamines (for example TMEDA {[
(CH3)oNCH,],} and PMDETA {[
(CH3),NCH,CH,],NCH,}, pyridines (CgHgN) or polypy-
ridines (such as 2,2"-bipyridine, (CgH4N), may be em-
ployed. Oxygen donors such as ethers (e.g. tetrahydro-
furan, THF) may also be used.
[0032] In exemplary phosphinidene compounds, the
ratios of m:n may vary from 4:1 to 1:4. Typically, m and
n are 1, 2, 3 or 4, thus in phosphinidene compounds
which are especially useful as starting materials, m may
be 1 and n may be 3. In other phosphinidene com-
pounds of interest, mis 1 and nis 2, orm and n are both
1. The integers p and r are typically in the range 4 to 8
and in exemplary compounds, both p and r are 6.
[0033] Especially preferred heterometallic phosphini-
dene compounds suitable for use in the process of the
invention may be represented by the formula [Sb
(PCy)sloLig.6Me,NH.2CgHsCH4 (1), {[cyclo-(CyP),Sb]
Na.Me,NH.TMEDA}, (IV) and {[cyclo-('BuP)sAs]Li.
TMEDA.THF} (VI).
[0034] It is preferred that the thermal decomposition
process is carried out at a temperature of greater than
20°C, and preferably at a temperature range of between
25-100 °C. The decomposition is preferably carried out
with the phosphinidene compound in solution in an or-
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ganic solvent such as a hydrocarbon (e.g. an n-alkane,
such as n-hexane), an aromatic hydrocarbon (e.g. tolu-
ene) or tetrahydrofuran (THF).

[0035] Where the heterometallic phosphinidene com-
plexes of the invention either contain stabilising Lewis
base ligands, or stabilising Lewis base ligands which are
aprotic (e.g. TMEDA, PMDETA, pyridines, polypyridines
and oxygen donors such as ethers), the decomposition
process may require activation. The activation proce-
dure typically comprises subjecting the heterometallic
phosphinidene complex to thermal decomposition as
described above, in the presence of a primary or sec-
ondary amine (e.g. Me,NH) added separately to the
complex.

[0036] In preferred embodiments of the invention, the
thermal decomposition process results in the'formation
of a Zintl compound comprising a polymetallic anion
consisting of atoms of one or more metals. In many in-
stances, the polymetallic anion is coordinated with metal
cations, and the metal cations are coordinated with
Lewis base ligands. The Zintl compounds formed typi-
cally comprise a polymetallic anion consisting of atoms
of a metal M, wherein said polymetallic anion may or
may not be coordinated with cations of a metal M2, and
the cations of a metal M2 are coordinated with Lewis
base ligands Lg. In other examples of Zintl compounds,
the cation may be separated from the polymetallic ani-
on. Thus as described in "Polyatomic Zintl Anions of the
Post-Transition Elements", Corbett, J.D., Chem. Rev.,
1985, 85, 385-397, a wide variety of different structures
is possible. Thus where the ligand:alkali metal cation ra-
tio is high, or when polyether or cryptand ligands are
present, the cations may be "separated" by their coor-
dination to the Lewis base ligands, so the cation is sep-
arated from the polymetallic anion.

[0037] Preferably the Zintl compound has the formula
(M")(M2)11(Lg),y, wherein MT, M2 and Lg are as defined
above and each of n', m'and p' are in the range 1 to 10.
M1 is preferably a metal of Group 13, 14 or 15 of the
Periodic Table. Especially preferred metals are those in
Group 15, in particular As, Sb and Bi. M2 may be a metal
of Group 1 of the Periodic Table, preferably Li, Na, K or
Rb. Lg is preferably a Lewis base ligand which may be
a primary, secondary or tertiary amine of formula
R'R2R3N, wherein each of R', RZ and R3 represent hy-
drogen, C4-C4, alkyl or C4-C4q aryl group. In addition
other Lewis bases such as polyamines [e.g. ethylenedi-
amine (H,NCH,),], permethylated polyamines (for ex-
ample TMEDA {[(CH3),NCH,],} and PMDETA ({[
(CH3)o,NCH,CH,],NCHa}, pyridines (CsHgN) or polypy-
ridines (such as 2,2'-bipyridine, (C5H,4N), may be em-
ployed. Oxygen donors such as ethers (e.g. tetrahydro-
furan, THF) may also be used.

[0038] Inexemplary Zintl compounds, the ratios of m":
n' may vary from 5:1 to 1:5. Typically, m' and n' are 4-9,
thus in the Zintl compound of formula (Il) n' is 7 and m'
is 3. The integer p' depends on the metal M2 and the
number of donor atoms in Lg and may be 1-8. The pre-
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cise stoichiometry of the Zintl compound will depend on
the nature and identity of the phosphinidene compound
used as starting material (or where more than one phos-
phinidene compound is used, also on the ratio of differ-
ent phosphinidene compounds used) and also on the
identity of the Lewis acid base. Thus, by varying these
parameters, a range of different Zintl compounds may
be produced.

[0039] In accordance with a second aspect of the in-
vention there is provided the use of a stable heterome-
tallic phosphinidene complex as described above as a
precursor for the deposition of a film containing an in-
termetallic compound.

[0040] In accordance with a third aspect the invention
there is provided a process for the production of an in-
termetallic compound comprising:

(a) forming a Zintl compound by a method de-
scribed above, the Zintl compound comprising a
polymetallic anion consisting of atoms of a metal
M1, and cations of a metal M2 which are coordinated
with stabilising ligands Lg, and

(b) subsequently removing the stabilising ligands.

[0041] It is preferred that the stabilising ligand is a
Lewis base, for example, one of the preferred Lewis
bases referred to above. Advantageously, the stabilising
ligands may be removed under reduced pressure or by
evaporation at atmospheric pressure.

[0042] Accordingto the invention, a preferred process
for the production of an intermetallic alloy comprises:

(a) forming a Zintl compound by subjecting a heter-
ometallic phosphinidene complex as described
above to thermal decomposition, said Zintl com-
pound comprising a polymetallic anion consisting of
atoms of a metal M', and cations of a metal M2
which are coordinated with stabilising ligands Lg,
and

(b) subsequently removing the stabilising ligands.

[0043] A furtherembodiment of the invention provides
a method for forming an intermetallic layer on a surface
or surface portion of an electronic device, which method
comprises:

(a) applying a Zintl compound to the surface, said
Zintl compound comprising a polymetallic anion
consisting of atoms of a metal M1, and cations of a
metal M2 which are coordinated with stabilising lig-
ands Lg, and

(b) subsequently removing the stabilising ligands.

[0044] Another embodiment of the invention provides
a method for forming an intermetallic layer on a surface
or surface portion of an electronic device, which method
comprises:
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(a) applying a heterometallic phosphinidene com-
pound to the surface, said heterometallic phosphi-
nidene compound being as defined above in con-
nection with the general and preferred aspects of
the invention,

(b) subjecting the heterometallic phosphinidene
compound to thermal decomposition with concom-
itant loss of stabilising ligands.

[0045] It will be appreciated that in the above-men-
tioned thermal decomposition, there will normally initial-
ly be formed a Zintl compound, said Zintl compound
comprising a polymetallic anion consisting of atoms of
a metal M1 and cation of a metal M2 which are coordi-
nated with stabilising ligands, and that the stabilising lig-
ands will subsequently be lost.

[0046] The formation of the Zintl compound and the
subsequent loss therefrom of the stabilising ligands may
be a single or a two step process. Where the formation
of the Zintl compound and removal of the stabilising lig-
and occurs in two steps, this embodiment of the inven-
tion may be defined in terms of a method for forming an
intermetallic layer on a surface or surface portion of an
electronic device, which method comprises:

(a) applying a heterometallic phosphinidene com-
pound to the surface, said heterometallic phosphi-
nidene compound being defined above in connec-
tion with the general and preferred aspects of the
invention,

(b) subjecting the heterometallic phosphinidene
compound to thermal decomposition to a Zintl com-
pound, said Zintl compound comprising a polyme-
tallic anion consisting of atoms of a metal M and
cation of a metal M2 which are coordinated with sta-
bilising ligands, and

(c) subsequently removing the stabilising ligands.

[0047] A still further embodiment of the invention pro-
vides a method of manufacturing an electronic device
having an intermetallic layer on a surface portion there-
of, which comprises:

(a) applying a Zintl compound to the surface, said
Zintl compound comprising a polymetallic anion
consisting of atoms of a metal M! and cation of a
metal M2 which are coordinated with stabilising lig-
ands Lg, and

(b) subsequently removing the stabilising ligands.

[0048] Inthe above described methods for forming an
intermetallic layer on a surface or a surface portion of
an electronic device, the application of a Zintl compound
or a heterometallic phosphinidene compound to such a
surface, is preferably carried out by a technique such as
spin coating, dip coating, vacuum evaporation or elec-
trospray.

[0049] in these embodiments, the precise manner in
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which the polymetallic anion and the metal M2 are ar-
ranged will depend on the identities of M! and M2 and
the identities of the ligand(s). In many instances, the
polymetatlic anion will be coordinated with cations of
metal M2,

[0050] As it will be appreciated, the ratio of metals in
the heterometallic phosphinidene compound can be
varied depending upon the ratio of starting materials and
conditions in which they are synthesised. The thermal
decomposition process of the invention will therefore
produce a Zintl compound whose ratio of M! and M2 (if
not necessarily the same as that present in the phosphi-
nidene compound) will be dictated by the individual
chemical pathway of the decomposition.

[0051] Subsequent removal of the Lewis base stabil-
ising ligands from the Zintl compound will produce an
intermetallic compound having a metal composition
which is therefore dictated by that of the heterometallic
phosphinidene compound. Thus an important feature of
the process of the invention is the possibility of selecting
a heterometallic phosphinidene compound to produce
an intermetallic compound having the desired metal sto-
ichiometry. As discussed above, the photoactive prop-
erties of intermetallic compounds are determined by the
stoichiometries of the metal components.

[0052] The nature and composition of the intermetallic
layer may be adapted to confer desired electrical prop-
erties depending upon the electronic device for which it
is to be applied to. By using different phosphinidene pre-
cursors or Zintl compounds or mixtures thereof, inter-
metallic layers with different proportions of metals may
be formed. Intermetallic layers, in particular, those com-
prising an alkali metal and one or more metals selected
from those of Group 13, Group 14 or Group 15 of the
Periodic Table (especially in stoichiometric quantities)
are particularly useful in such applications, as they pos-
sess highly desirable photoactive characteristics. Par-
ticularly useful is the application of intermetallic layers
having electron emitter properties, such as those re-
quired by photoelectric devices. For example, interme-
tallic alkali metal antimonide films have wide applica-
tions as batteries and photoactive materials in photom-
ultipliers which are used e.g. (1) medical scanners, (2)
scientific instruments, and (3) particle physics.

[0053] Structural formulae of exemplary compounds
are given in the accompanying drawings (Figures 1-6).

Figure 1 Structure of heterometallic phosphinidene
compound [Sb(PCy)s],Lig.6HNMe (I).

Figure 2 Structure of Zintl compound [Sb,Lis.
6HNMe,] (1I).

Figure 3  Structure of Zintl compound {[(TMEDA)
Li]3Sbo} (1I).

Figure 4  Structure of {[CyP],SbNa.TMEDA.
Me,NH}, (IV).

Figure 5  Structure of [Sb;Na3.3TMEDA.3THF] (V).

Figure 6  Structure of heterometallic phosphinidene

compound  {cyclo-[(BuP);As]Li. TMEDA.
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THF} (VI).

Figure 7 Schematic representation of the LiSb pho-
todiode test cell.

Figure 8  Plot of the quantum efficiency values which

are corrected for vacuum envelope trans-
mission function, as a function of the wave-
length.

The production of Zintl compounds in accordance with
the invention and their conversion to intermetallic com-

pounds is described in the following Examples.

EXAMPLES

1. Synthesis of [Sb(PCy)a],Lis.6HNMe,.2CsHsCHs (1)

[0054] To a stirred and chilled suspension of [LiPH-
Cyl, (7.53 mmol of monomer) in toluene (5 ml) was add-
ed to a solution of [Sb(NMey)s] (2.51 mmol, 1.36 cm3,
1.84 mol dm-3 in toluene),

[0055] The suspension was stirred and gradually al-
lowed to warm towards 0 °C at which stage a yellow
precipitate was observed. This was dissolved by the ad-
dition of chilled toluene (8 cm3) and THF (1 cm3). The
red solution produced was stored at-35 °C for 48 hr over
which period crystals suitable for X-ray diffraction stud-
ies grew.

[0056] The following data refer to this material: yield
1.02 g (57%); decomp. 170 °C; IR(Nujol), major bands
at 1257(m), 1178(s), 1051(s), 992.5(m), 897(s), 846(s),
730(m), 694(w); 'TH NMR (400.16 MHz, +25 °C,
CgD5CD3), 6 =7.0 (5H, mult., aryl C-H, CgH5CH3), 3.94
(13H, s., Me, Me,NH), 2.5-1.2 (33H, overlapping mult.,
Cy and CgH5CH3 Me group (2.10)); 7Li NMR (155.513
MHz, +25 °C, CgDsCD3), & = 5.57 (binomial
sept., 1931, 7.; = 14 Hz) (rel. to LiCI/D,0) (7.14 rel. to
PhLi/CgD5CD3); 3P NMR (162.000 MHz, +25 °C,
CeD5CD3), 6 =-263.5 (rel. to neat (MeO)4P; br. s., width
at half height 1130 Hz); Elemental analysis calc. C 52.3,
H 8.7, N 5.6, found C 52.0, H 8.4, N 4.4.

[0057] Crystal data for I; CsqHgoLisNsP5sSb, M =
712.32, space group monoclinic P24/c, o. = 13.460(3), B
=18.123(3), y= 16.589(4)A, b = 99.83(2)°, V= 3987(2)
A3,Z=4,p.,.=1.187 Mgm=3, T = 150(2)K, uw(Mo-Ka)
= 0.834 mm-1, F(000) = 1496. Yellow cubes, crystal di-
mensions 0.30x0.25x0.20 mm. 3717 reflections (29 <
45.0°) were collected on a Siemens R3mV diffractome-
ter using Mo-Ka. radiation (A = 0.71073 A), graphite
monochromator and 6/2w scans (2.57< 6 <19.99°).
3717 independent reflections (R;,,= 0.021) after a semi-
empirical absorption correction was applied. The struc-
ture was solved using direct methods and refined by full
matrix least squares based on F2(SHELXL93), with all
non-hydrogen atoms assigned anisotropic displace-
ment parameters; cyclohexyl, toluene and amine H at-
oms were fixed in idealised positions and allowed to ride
onthe relevant C or N atoms. The refinement converged
to R1 = 0.0748 for data F > 46/(F) and wR2 = 0.2722
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for all data, goodness of fit = 1.013, and weighting
scheme w = 1 /[062(F,2) + (0.0597P)2 + 18.32P], where
P=(F,2 + 2F2)/5. Largest peak and hole in the final dif-
ference map; 0.913, -0.689 eA-3. Crystals of | were
weakly diffracting. Restraints were applied for the lat-
tice-bound toluene which is disordered over two (50:50)
sites about a two-fold axis.

[0058] If l is subjected to a vacuum (ca. 103 atm, 15
min), almost all the Me,NH is removed, giving the un-
solvated complex {[Sb(PCy),]Lig} [I*].

2. Thermal Decomposition of [Sb(PCy),],Lig.
6HNMe,.2CH-CHj (1) to [Sb,Li;.6HNMe,] (II)

[0059] A solution of [Sb(PCy);],Lig.6HNMe, (1) (1.0g,
1 mmol) in toluene (10 ml) was stirred at 30-40 °C for
10 min, giving a deep red solution and with almost all of
the starting material dissolving. Cold filtration (ca. 0 °C)
followed by storage of the filtrate at -35 °C (48 hr) gave
a large crop of deep red plates of [Sb,Liz.6HNMe,] (lI).
Although Il is too thermally unstable at 25 °C to be iso-
lated as a pure material, the yield is almost quantitative.
[0060] X-raydataforll; C4,H,,LisNgSb,, M=1143.58,
trigonal, space group P-3, o = 11.508(1), vy = 14.954(2)
A Z=1, pae =2.214 Mgm™3, A = 0.71073 A, T= 198
(2)K, w(Mo-Ka) =5.438 mm-1, F(000) = 1044. Data were
collected on a Siemens P4 diffractometer using an oil-
coated rapidly-cooled crystal of dimensions
0.10x0.36x0.48 mm by the 6/2®w method (1.36° < 6 <
25.00°). Of a total of 4482 collected reflections, 2004
were independent (R, = 0.048). The structure was
solved by direct methods and refined by full-matrix least-
squares on F2 to final values of R1(F>4c/(F)) = 0.053
and wR2 = 0.168 (all data); largest peak and hole in final
difference map 2.038 and -1.402eA-3.

2A. Thermal decomposition of [Sb(PCy)]Lig} [I*]to
[Sb,Li;.6HNMe,] (II) T

[0061] Neat liquid Me,NH was added to a dilute THF
solution of [Sb(PCy),]Lig} [I*] at a temperature of 25 °C
or below. Decomposition of [I*] to Zintl compound (ll) oc-
curs immediately.

3. Synthesis of {[(TMEDA)Li];Sby} (Il

[0062] Excess TMEDA (ca. 1 ml) was added to adeep
red solution of [Sb,Li3.6HNMe,] (ll), prepared as de-
scribed in Example 2 or Example 2A. Storage at -35 °C
(12 hr) produced a large crop of red crystalline plates of
{[(TMEDA)Li]3Sb5} (lll). The yield of lll is quantitative.

[0063] X-ray data for Il; CsoHgslisNgSb;, M=
1407.97, monoclinic, space group P21/m, oo = 10.192
(1), B =20.944(3), y=11.967(2) A, b=92.22(1)°, Z= 4,
Peaic. = 1.829 Mgm-3,1.=0.71073 A, T=213(2) K, u(Mo-
Ko) = 3.673 mm-1, F(000) = 1328. Data were collected
on a Siemens P4 diffractometer using an oil-coated rap-
idly-cooled crystal of dimensions 0.20x0.35x0.40 mm by
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the 6/20 method (1.94° < 6 <25.00°). Of a total of 4636
collected reflections, 5803 were independent (R;,; =
0.051). The structure was solved by direct methods and
refined by full-matrix least-squares on F2 to final values
of R1 (F>4c/(F)) = 0.066 and wR2 = 0.241 (all data) [R1
= 3IF, - Fa/EF, and wR2 = (Sw(F,2 - F2)2/Zw(F,2)2)0-5,
w = 1/[6%(F,2) + (yP)2 + xP], P= F 2 + (2F_2/3)]; largest
peak and hole in final difference map 1.772 and
-2.419eA-3. The -CH,- and Me groups of all the TMEDA
ligands are disordered over two 1:1 sites. The disor-
dered toluene molecule is disordered over two sites
about a two-fold axis.

[0064] The formation of [CyP,] along with Il and Il
was confirmed by determination of the unit cell. The pa-
rameters are in agreement with those obtained in the
literature (Bart, J.C.J., Acta. Crystallogr. Section B,
1969, 25, 762).

4. Formation of Intermetallic Phase from [Sb,Lis.
6HNMe,] (Il) or {[(TMEDA)Li];Sh}(lll) T

[0065] Storage of the Zinti compounds [Sb,Lis.
6HNMe,] (1) or {{TMEDA}Li];Sb,}(lll) at room temper-
ature over a period of time leads to a slow loss of amine
ligand to form a lustrous intermetallic phase, comprising
LiSb and Sb. When either complex is stored under vac-
uum, the loss of amine ligand occurs more rapidly (ca.
15 min, at 10-3 atm.).

5. Synthesis of {[cyclo-(CyP),Sb]Na.Me,NH.
TMEDA}, (IV) - -

[0066] [Sb(NMe,)5] (5.1 ml, 1.74 mol dm=3 in toluene,
8.8 mmol) was added dropwise to a chilled solution of
CyPH, (1.17 ml, 8.8 mmol) in hexane (20 ml). The so-
lution was allowed to warm to room temperature and
stirred (10 mins). The orange solution produced was
transferred by syringe into a chilled (ca. -20 °C) solution
of [CyPHNa] (prepared in situ by the reaction of
PhCH,Na (1.0 g, 8.8 mmol) with CyPH, (1.17 ml, 8.8
mmol) in hexane (10 ml)/THF (5 ml)). The reaction mix-
ture was allowed to warm to ca. 0 °C. Excess TMEDA
(ca. 3.0 ml, 20 mmol) was added and the solution was
filtered while cold. Crystallisation at-35 °C (24 hrs) gave
red plates of IV. Yield 1.1 g (16% on the basis of Sb sup-
plied). Further crystallisation from the filtrate gave a mix-
ture of IV and V (as black cubic crystals). Decomp. 75
°C. "H NMR (+25 °C, 250 MHz, Dg toluene), 1.0-2.0
(overlapping mult., 40H, {CyP},), 2.22 (d., 4H (2J31,
ca. 6.4Hz), C(a)-H of {CyP},), 2.10 (br. s., 16H, TME-
DA), 2.46 (s., 6H, Me,NH). Elemental analysis; calcd.
C50.4,H8.8,N5.5, P 16.3, found C 49.0,H 8.6, N 5.2,
P 15.1.

[0067] Crystal dataforIV: C3,Hg7N3sP4Sb, M=762.51,
monoclinic, space group P24/n, o = 11.168(3), B =
22.420(4), v = 16.468(3)A, B~ = 92.71(2)°,U = 4119(1)
A3,Z=4, poae = 1.230 Mgm3, A =0.71073 A, T =223
(2)K, u(Mo-Kar) = 0.859 mm-1, F(000) = 1608. Data were
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collected on a Siemens P4 diffractometer using an oil-
coated rapidly-cooled crystal of dimensions
0.35x0.30x0.20 mm by the 6/2m method (1.82° < 6 <
25.01°). Of a total of 7257 collected reflections, 7257
were independent (R;= 0.073). Empirical absorption
corrections were applied after initial refinement with iso-
tropic displacement parameters (max., min. transmis-
sion 0.982, 0.778). The structure was solved by direct
methods and refined by full-matrix least-squares on F2
to final values of R1 (F>46(F)) = 0.079 and wR2 = 0.271
(all data) [R1 = iF, - Fy/XF, and wR2 = (Ew(F,2 - F2)2/
IW(F,2)2)0-5, w=1/[62(F,2) + (YP)2 + XP], P= F 2 + (2F 2
/3)] largest peak and hole in the final difference map
0.808 and -0.844eA-3.

6. Formation of [Sb,Na,.3TMEDA.3THF] (V)

[0068] Example 5was repeated using the same meth-
od and volumes of solvent, but the quantities of reagents
were doubled and the solution was briefly brought to re-
flux prior to storage at -35 °C (24 hrs) to obtain complex
(V). Yield 3.5 g (96% on the basis of the Sb supplied).
The complex is stable at 25 °C.

[0069] Crystal data for V; C3yH;5NgNazO5Sb,, M =
1486.16, monoclinic, space group P2(1)/m, Z=2, a =
10.207(3), b=22.101(6), c = 11.719(3)A, p = 92.249(19)
° U = 2641.7(11)A3, Peaic = 1.868 Mgm3, u(Mo-Ko)
=3.581 mm-1, T = 223(2) K, F(000) = 1416. Data were
collected on a Siemens P4 diffractometer on an oil-coat-
ed crystal of dimensions 0.40 x 0.40 x 0.30 mm (1.97 <
0 <21.00). Of a total of 3779 data collected, 2935 were
independent (R;; = 0.098). An empirical absorption cor-
rection was applied. The structure was solved by direct
methods and refined by full-matrix least-squares on F2
to final values of R1 [I>25(1)] = 0.086, ®R2 = 0.230 (all
data). Largest difference between peak and hole 1.444,
-1.076 eA3.

7. Preparation of {cyclo-[(‘BuP);As]Li.TMEDA.THF}
(V1) -

[0070] [(BuPH, was prepared by an original method
using the reaction of BuPCl, with LiAIH, (1:2 eqiv.) in
1,4-dioxane. Double-distillation (760 mmHg) gave ca.
30-40% yields of the phosphine (boiling range 65-70
°C).

Synthesis of (VI):

[0071] To a stirred, chilled suspension of [LIiPHBu],
(6.0 mmol of monomer) in toluene (20 ml) and TMEDA
(1.0 ml) was added a solution of [As(NMe,)5] (2.0 mmol,
0.92 cm3, 2.17 mol dm-3 in toluene). The suspension
was stirred and gradually allowed to warm to 0 °C, at
which stage an orange precipitate was observed. THF
(20ml) was added and the mixture stirred for 48 h after
which an orange solution (with a fine precipitate) re-
mained. This was filtered and the solvent removed to
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ca. 8 ml. The solid produced was redissolved by the ad-
dition of THF (ca. 1 ml) and storage at-18 °C (12 h) gave
orange crystals of (VI) suitable for X-ray diffraction stud-
ies; yield 0.27 g (25% on the basis of As supplied to the
reaction); mp. 115 °C to clean to clean orange oil; IR
(Nujol), major bands at 1260(m), 1032(s) cm-'; 7Li NMR
(155.505 MHz, + 25 °C, Dg-THF, rel. PhLi/THF), & =
-2.71(s.), 3'P NMR (161.969 MHz, +25°C, Dg-THF; rel.
to 80% H3P0O,/D,0), 6 = 7.87 (t.), -74.50 (d.) (ratio 1:
2, WUs1p-31p = 179.4 £ 0.8 Hz); Elemental analysis calc.
P 17.4, found P 17.6.

[0072] Crystal data for VI; Cy,Hs4AsLiN,OP3, M =
534.42, monoclinic, space group P24/n, a = 12.238(7),
b=15.574(12), c = 16.27(1), p = 105.23(5)°, V = 2993
(4)A3,Z=4, D, =1.186 Mgm=3, T = 180(2)K, u(Mo-
Ko = 1.311mm-1, F(000) = 1144. Data on a crystal of
dimensions 0.40 x 0.28 x 0.28 mm were collected on a
Siemens-Stoe  diffractometer using ®/®6 scans
(3.56<6>22.50). Of a total of 7645 reflections, 3900 were
independent (R;,; = 0.1036). The structure was solved
using direct methods and refined by full matrix least
squares on F2 (SHELXL 93) to final R indices of R1 =
0.086 [F > 46(F)] and wR2 = 0.200 [all data]. The C at-
oms of the THF ligand and one of the C atoms of each
of the MeN groups of the TMEDA were disordered over
two sites and were refined with half occupancy. H-atoms
were fixed geometrically,

8. Manufacture of Photoelectric Device

Construction of demonstration cell:

[0073] A photoelectric device in the form of a LiSb
photodiode test cell, as depicted in Figure 7, was con-
structed from a hollow glass cylinder 10, which has a
constriction to allow the application of a vacuum at one
end (shown sealed after evacuation in Figure 7) 12, and
a flat glass deposition surface 14 at the other end. The
inside surface of the glass cylinder was aluminised to
form a thin film 16 in contact with the deposition surface
14. A LiSb intermetallic layer 18 was formed on the dep-
osition surface 14 in accordance with any of the Meth-
ods A-C described below. The test cell was further
equipped with a cathode contact 20 to the aluminised
film 16 and a central anode ring 22.

Formation of intermetallic layer on test cell:

[0074] The intermetallic layer was formed on the test
cell in accordance with one of the following methods
A-C:

Method A:

[0075] A solution of Il in THF (ca. 0.01 mol dm-3) was
carefully introduced onto the deposition surface through
the constriction 12 (shown sealed in Figure 7) using a
syringe so as to produce a solution surface of about 2
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mm thick. The solvent was evaporated under vacuum
from the deposition surface under argon to produce a
golden-brown metallic film 18 on the deposition surface
14.

Method B:

[0076] A solution of I in THF (ca. 0.01 mol dm3) was
carefully introduced onto the deposition surface through
the constriction 12 (shown sealed in Figure 7) using a
syringe so as to produce a solution surface of about 2
mm thick. The solution was allowed to stand at a tem-
perature of 30-40 °C in an argon atmosphere on a vac-
uum line to produce the same lustrous intermetallic film
18 as formed in Method A.

Method C:

[0077] A solution of Il suitable for use in accordance
with the procedure described in Method A was formed
from a THF solution of the unsolvated complex [Sb
(PCy)s]Lig} [I"] by the method described in Example 2A.

Measurement of photosensitivity and spectral
response of the LilSb test cell:

[0078] After construction of the test cell and formation
of the intermetallic layer as described above, the test
cell was evacuated to 106 torr and the constriction 12
was flame sealed.

[0079] The photoelectric spectral response of the in-
termetallic layer was measured between 270 and 450
nm. Table 1 shows the quantum efficiency (expressed
as a percentage) of the LiSb intermetallic compound af-
ter correction for the variation in optical transmission of
the glass cylinder.

TABLE 1.
Photosensitivity results for Sb/Li
Wavelength (nm) Quantum Efficiency
270 1.35887
280 0.67085
290 0.46643
300 0.35504
310 0.30607
320 0.24717
330 0.26335
340 0.25002
350 0.19304
360 0.18368
370 0.03239
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TABLE 1. (continued)
Photosensitivity results for Sb/Li
Wavelength (nm) Quantum Efficiency
380 0.01079
390 0
400 0
410 0
420 0
430 0
440 0
450 0

[0080] The data from Table 1 are represented graph-
ically in Figure 8. Figure 8 shows the corrected quantum
efficiency of the LiSb test cell against wavelength after
the transmission function of the vacuum envelope has
been taken into account. The graph shows the onset of
spectral response to be around 3.2 eV (for 390 nm),
demonstrating the formation of a photosensitive LiSb in-
termetallic layer.

Claims

1. A process for the production of a Zintl compound
comprising subjecting a heterometallic phosphini-
dene complex to thermal decomposition.

2. A process according to Claim 1 wherein the heter-
ometallic phosphinidene complex comprises at
least two metals.

3. Aprocess according to Claim 2 wherein one of said
metals is a metal of Group 13, 14 or 15 of the Peri-
odic Table.

4. A process according to Claim 3 wherein one of said
metals is a metal of Group 15 of the Periodic Table.

5. A process according to Claim 3 wherein one of said
metals is selected from As, Sb and Bi.

6. A process according to Claim 2 wherein one of said
metals is a metal of Group 1 of the Periodic Table.

7. Aprocess according to Claim 6 wherein one of said
metals is Li, Na, K, Rb or Cs.

8. Aprocess according to any preceding claim where-
in the heterometallic phosphinidene complex con-
tains one or more phosphinidene ligands, which
may be the same or different, and having a phos-
phorus atom covalently linked to a substituted or un-
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substituted hydrocarbyl group.

A process according to Claim 8 wherein the substi-
tuted or unsubstituted hydrocarbyl group contains
1 to 15, preferably 4 to 10 carbon atoms.

A process according to Claim 9 wherein the substi-
tuted or unsubstituted hydrocarbyl group is selected
from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl,
alkaryl groups, wherein the substituent or substitu-
ents may be selected from fluoro or C4-Cg alkylsilyl
groups.

A process according to any of Claims 8-10 wherein
the heterometallic phosphinidene complex contains
one or more phosphinidene ligands, having a phos-
phorus atom covalently linked to a cyclohexyl
group.

A process according to any preceding claim where-
in the phosphorus atom of the or each phosphini-
dene ligand is coordinated to four metal atoms.

A process according to Claim 12, wherein the phos-
phorus atom of the or each phosphinidene ligand is
coordinated to three Group | metal atoms.

A process according to Claim 12 or Claim 13,
wherein the phosphorus atom of the or each phos-
phinidene ligand is coordinated to one metal atom
of Groups 13, 14 or 15.

A process according to any preceding claim where-
in the heterometallic phosphinidene complex com-
prises a second ligand being a Lewis base.

A process according to Claim 15, wherein the Lewis
base comprises one or more prirriary, secondary or
tertiary amine groups or an ether group.

A process according to Claim 16, wherein the Lewis
base is a primary, secondary or tertiary amine of the
formula R'R2R3N, wherein each of R!, R2 and R3
represents hydrogen, a C4-Cg alkyl group or C4-C
aryl group, a polyamine, permethylated polyamine,
pyridine or polypyridine, or tetrahydrofuran.

A process according to Claim 17, wherein the Lewis
base is selected from dimethylamine, TMEDA {[
(CH3),NCH,]5} and PMDETA {
(CH3),NCH,CH,],NCHa}.

A process according to any preceding claim where-
in the thermal decomposition results in the co-pro-
duction of a phosphorus compound having at least
one P-P bond.

A process according to Claim 16, wherein the co-
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produced phosphorus compound is a cyclic phos-
phinidene.

A process according to any preceding claim where-
in the stable heterometallic phosphinidene complex
comprises:

(i) a plurality of phosphinidene ligands, [PR],
wherein each R which may be the same or dif-
ferent, is selected from C,4-Cg4 alkyl, branched
alkyl, cycloalkyl or aryl groups,

(ii) at least one metal selected from a Group 14
or Group 15 metal;

(iii) at least one Group | metal selected from Li,
Na, K, Rb, Cs; and

(iv) a plurality of labile, Lewis-base stabilising
ligands, each of which may be the same or dif-
ferent,

and said thermal decomposition process results in
the co-production of a cyclic phosphinidene com-
pound [PR],,, where n = 4-6.

A process according to any preceding claim where-
in the stable heterometallic phosphinidene complex
comprises:

(i) a plurality of phosphinidene ligands, [PR],
wherein each R which may be the same or dif-
ferent, is selected from C4-Cgq alkyl, branched
alkyl, cycloalkyl or aryl,

(ii) at least one metal selected from Ge, Sn, Pb,
As, Sb and Bi.

(iii) at least one metal selected from Li, Na, K,
Rb and Cs,

(iv) a plurality of labile, Lewis-base stabilising
ligands, each of which may be the same or dif-
ferent,

and said thermal decomposition process results in
the co-production of a cyclic phosphinidene com-
pound [PR],,, wherein n = 4-6.

A process according to any preceding claim where-
in the thermal decomposition is carried out at a tem-
perature of greater than 20 °C.

A process according to Claim 21 wherein the ther-
mal decomposition is carried out at a temperature
range of between 25-100 °C.

A process according to any preceding claim where-
in the thermal decomposition is carried out with the
phosphinidene compound in solution in an organic
solvent.

A process according to any preceding claim where-
in the organic solvent is selected from a hydrocar-
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bon such as an n-alkane, an aromatic hydrocarbon
such as toluene, or THF.

A process according to any preceding claim where-
in the stable heterometallic phosphinidene complex
may be represented by the formula [Sb(PCy)3],Lig.
6Me,NH, {[cyclo-(CyP),Sb]Na.Me,NH.TMEDA],,
or [(BuP);As.Li.TMEDA.THF], wherein Cy = cy-
clohexyl.

A process according to any preceding claim where-
in the Zintl compound comprises a polymetallic an-
ion consisting of atoms of one or more metals,
wherein said polymetallic anion may optionally be
coordinated with metal cations, and the metal cati-
ons are coordinated with Lewis base ligands.

A process according to Claim 28 wherein the Zintl
compound comprises a polymetallic anion consist-
ing of atoms of a metal M, wherein said polymetal-
lic anion may optionally be coordinated with cations
of a metal M2, and the cations of a metal M2 are
coordinated with Lewis base ligands Lg.

A process according to Claim 28 wherein the Zintl
compound has the formula (M1),(M2)(Lg),,
wherein M1, M2 and Lg are as defined in Claim 29
and each of n', m' and p' are in the range 1 to 10.

A process according to Claim 29 or Claim 30 where-
in M7 is a metal of Group 13, 14 or 15 of the Periodic
Table.

A process according to Claim 29 wherein M1 is a
metal of Group 15 of the Periodic Table.

A process according to Claim 32 wherein M1 is se-
lected from As, Sb and Bi.

A process according to any of Claims 29 to 33
wherein M2 is a metal of Group 1 of the Periodic
Table.

A process according to Claim 34 wherein M2 is Li,
Na, K or Rb.

A process according to any of Claims 30 to 35,
wherein the Lewis base Lg comprises one or more
primary, secondary or tertiary amine groups or an
ether group.

A process according to Claim 36, wherein the Lewis
base Lg is a primary, secondary or tertiary amine of
the formula RTR2R3N, wherein each of R', R2 and
R3 represents hydrogen, a C4-Cq alkyl group or
Cg-Cqg aryl group, a polyamine, permethylated
polyamine, pyridine, polypyridine or tetrahydro-
furan.
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A process according to Claim 37, wherein the Lewis
base Lg is selected from dimethylamine, TMEDA {[
(CH3),NCH,],} and PMDETA {
(CH3),NCH,CH,),NCHa}.

A process according to any preceding claim in
which the phosphinidene complex is contacted with
a primary or secondary amine prior to being sub-
jected to thermal decomposition.

A process according to Claim 39 wherein the phos-
phinidene complex which is contacted with the pri-
mary or secondary amine is free of stabilising Lewis
base ligands.

A process according to Claim 39 wherein the phos-
phinidene complex which is contacted with primary
or secondary amine, contains a stabilising Lewis
base ligand which is aprotic.

A process according to any of Claims 39-41 wherein
the phosphinidene complex is contacted with
dimethylamine.

A process for the production of an intermetallic com-
pound comprising:

(a) forming a Zintl compound by a process ac-
cording to any preceding claim, said Zintl com-
pound comprising a polyatomic anion consist-
ing of atoms of a metal M1, wherein said poly-
atomic anion may optionally be coordinated
with cations of a metal M2, and the cations of a
metal M2 are coordinated with stabilising lig-
ands Lg, and

(b) subsequently removing the stabilising lig-
ands.

A process for the production of an intermetallic com-
pound according to Claim 43, wherein the stabilis-
ing ligands are Lewis base ligands.

A process for the production of an intermetallic com-
pound according to Claim 43 or Claim 44 wherein
the stabilising ligands are removed under reduced
pressure.

A process for the production of an intermetallic com-
pound which comprises:

(a) forming a Zintl compound by subjecting a
heterometallic phosphinidene complex to ther-
mal decomposition, said Zintl compound com-
prising a polyatomic anion consisting of atoms
of a metal M1, wherein said polyatomic anion
may optionally be coordinated with cations of a
metal M2, and the cations of a metal M2 are co-
ordinated with stabilising ligands Lg, and
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(b) subsequently removing the stabilising lig-
ands.

A process for the production of an intermetallic com-
pound according to Claim 46 wherein the hetero-
metallic phosphinidene complex is as defined in any
of Claims 2-11.

A process for the production of an intermetallic com-
pound according to Claim 46 or 47 wherein the Zintl
compound is as defined in any of Claims 28 to 38.

A process for the production of an intermetallic com-
pound according to any of Claims 46 to 48 wherein
the thermal decomposition is carried out at a tem-
perature of greater than 20 °C.

A process for the production of an intermetallic com-
pound according to Claim 49 wherein the thermal
decomposition is carried out at a temperature range
of between 25-100 °C.

A process according to Claims 48-50 wherein the
thermal decomposition is carried out with the phos-
phinidene compound in solution in an organic sol-
vent.

A process according to Claim 51 wherein the organ-
ic solvent is selected from a hydrocarbon such as
an n-alkane, an aromatic hydrocarbon such as tol-
uene, or THF.

A method for forming an intermetallic layer on a sur-
face which method comprises:

(a) applying a Zintl compound to the surface,
said Zintl compound comprising a polyatomic
anion consisting of atoms of a metal M, where-
in said polyatomic anion is coordinated with cat-
ions of a metal M2, and the cations of a metal
M2 are coordinated with stabilising ligands Lg,
and

(b) subsequently removing the stabilising lig-
ands.

A method for forming an intermetallic layer on a sur-
face which method comprises:

(a) applying a heterometallic phosphinidene
compound to the surface, said heterometallic
phosphinidene compound being as defined in
any of Claims 1 to 22,

(b) subjecting the heterometallic phosphini-
dene compound to thermal decomposition with
concomitant loss of stabilising ligand.

55. A method for forming an intermetallic layer on a sur-

face which method comprises:
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(a) applying a heterometallic phosphinidene
compound to the surface, said heterometallic
phosphinidene compound being as defined in
any of Claim 1 to 22,

(b) subjecting the heterometallic phosphini-
dene compound to thermal decomposition to a
Zintl compound, said Zintl compound compris-
ing a polyatomic anion consisting of atoms of a
metal M1 and cation of a metal M2 which are
coordinated with stabilising ligands, and

(c) subsequently removing the stabilising lig-
ands.

56. A method according to any of Claims 53-55, where-

in said surface is a surface portion of an electronic
device.

57. A method for manufacturing an electronic device

having an intermetallic layer on a surface portion
thereof, which comprises:

(a) applying a Zintl compound to the surface,
said Zintl compound comprising a polyatomic
anion consisting of atoms of a metal M, where-
in said polyatomic anion may optionally be co-
ordinated with cations of a metal M2, and the
cations of a metal M2 are coordinated with sta-
bilising ligands Lg, and

(b) subsequently removing the stabilising lig-
ands.

58. A method for forming an intermetallic layer on a sur-

face or surface portion of an electronic device,
which method comprises:

(a) applying a heterometallic phosphinidene
compound to the surface, said heterometallic
phosphinidene compound being as defined in
any of Claims 1 to 22,

(b) subjecting the heterometallic phosphini-
dene compound to thermal decomposition with
concomitant loss of stabilising ligand.

59. A method for manufacturing an electronic device

having an intermetallic layer on a surface portion
thereof, which comprises:

(a) applying a heterometallic phosphinidene
compound to the surface, said heterometallic
phosphinidene compound being as defined in
any of Claims 1 to 22,

(b) subjecting the heterometallic phosphini-
dene compound to thermal decomposition to a
Zintl compound, said Zintl compound compris-
ing a polyatomic anion consisting of atoms of a
metal M'! and cation of a metal M2 which are
coordinated with stabilising ligands, and

(c) subsequently removing the stabilising lig-
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62.

63.
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ands.

A method according to any of Claims 57-59, where-
in the intermetallic layer in use is adapted to act as
an electron emitter.

A method according to any of Claims 57-59, where-
in the electronic device is a photoelectric device.

Use of a stable heterometallic phosphinidene com-
plex as a precursor for the deposition of an interme-
tallic alloy film.

Use of a stable heterometallic phosphinidene com-
plex as defined in any of Claims 2 to 36 as a pre-
cursor for the deposition of an intermetallic alloy
film.

Patentanspriiche

1.

Verfahren zur Herstellung einer Zintl-Verbindung,
bei dem ein heterometallischer Phosphinidenkom-
plex einer thermischen Zersetzung unterzogen
wird.

Verfahren nach Anspruch 1, bei dem der heterome-
tallische Phosphinidenkomplex mindestens zwei
Metalle umfasst.

Verfahren nach Anspruch 2, bei dem eines der Me-
talle ein Metall der Gruppe 13, 14 oder 15 des Pe-
riodensystems ist.

Verfahren nach Anspruch 3, bei dem eines der Me-
talle ein Metall der Gruppe 15 des Periodensystems
ist.

Verfahren nach Anspruch 3, bei dem eines der Me-
talle aus As, Sb und Bi ausgewahlt ist.

Verfahren nach Anspruch 2, bei dem eines der Me-
talle ein Metall der Gruppe 1 des Periodensystems
ist.

Verfahren nach Anspruch 6, bei dem eines der Me-
talle Li, Na, K, Rb oder Cs ist.

Verfahren nach einem der vorstehenden Anspri-
che, bei dem der heterometallische Phosphiniden-
komplex einen oder mehrere Phosphinidenligan-
den aufweist, die gleich oder voneinander verschie-
den sein kdnnen und ein Phosphoratom aufweisen,
das kovalent mit einer substituierten oder unsubsti-
tuierten Hydrocarbylgruppe verbunden ist.

Verfahren nach Anspruch 8, bei dem die substitu-
ierte oder unsubstituierte Hydrocarbylgruppe 1 bis
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

24

15 vorzugsweise 4 bis 10 Kohlenstoffatome auf-
weist.

Verfahren nach Anspruch 9, bei dem die substitu-
ierte oder unsubstituierte Hydrocarbylgruppe aus
Alkyl-, Alkenyl-, Alkynyl-, Cycloalkyl-, Aryl-, Aralkyl-
und Alkarylgruppen ausgewabhlt ist, wobei der Sub-
stituent oder die Substituenten aus Fluor- oder
C4-Cg-Alkylsilylgruppen ausgewahlt sein kénnen.

Verfahren nach einem der Anspriiche 8 bis 10, bei
dem der heterometallische Phosphinidenkomplex
einen oder mehrere Phosphinidenliganden enthalt,
in denen ein Phosphoratom kovalent an eine Cyclo-
hexylgruppe gebunden ist.

Verfahren nach einem der vorstehenden Anspri-
che, bei dem das Phosphoratom des oder jedes
Phosphinidenliganden an vier Metallatome koordi-
niert ist.

Verfahren nach Anspruch 12, bei dem das Phos-
phoratom des oder jedes Phosphinidenliganden an
drei Metallatome der Gruppe | koordiniert ist.

Verfahren nach Anspruch 12 oder 13, bei dem das
Phosphoratom des oder jedes Phosphinidenligan-
den an ein Metallatom der Gruppen 13, 14 oder 15
koordiniert ist.

Verfahren nach einem der vorstehenden Anspri-
che, bei dem der heterometallische Phosphiniden-
komplex einen zweiten Liganden umfasst, bei dem
es sich um eine Lewis-Base handelt.

Verfahren nach Anspruch 15, bei dem die Lewis-
Base eine oder mehrere primare, sekundare oder
tertidre Amingruppen oder eine Ethergruppe um-
fasst.

Verfahren nach Anspruch 16, bei dem die Lewis-
Base ein primares, sekundares oder tertiares Amin
der Formel R'R2R3N, in der R, R2 und R3 jeweils
Wasserstoff, eine C4-Cg-Alkylgruppe oder eine
Cg-Co-Arylgruppe, ein Polyamin, permethyliertes
Polyamin, Pyridin bzw. Polypyridin darstellen oder
Tetrahydrofuran ist.

Verfahren nach Anspruch 17, bei dem die Lewis-
Base aus Dimethylamin, TMEDA {[(CH3),NCH,],}
und PMDETA {[(CH3),NCH,CH,],NCHs} ausge-
wahlt ist.

Verfahren nach einem der vorstehenden Anspri-
che, bei dem die thermische Zersetzung gleichzei-
tig eine Phosphorverbindung mit mindestens einer
P-P-Bindung ergibt.



20.

21,

22,

23.

24,

25

Verfahren nach Anspruch 16, wobei die gleichzeitig
erzeugte Phosphorverbindung ein cyclisches Phos-
phiniden ist.

Verfahren nach einem der vorstehenden Anspri-
che, wobei der stabile heterometallische Phosphi-
nidenkomplex umfasst:

(i) eine Vielzahl von Phosphinidenliganden,
[PR], worin jedes R, die gleich oder voneinan-
der verschieden sein kénnen, aus C4-Cg-Alkyl-,
verzweigten Alkyl-, Cycloalkyl- oder Arylgrup-
pen ausgewahlt ist;

(i) mindestens ein aus einem Metall der Grup-
pe 14 oder Gruppe 15 ausgewahltes Metall;

(iii) mindestens ein aus Li, Na, K, Rb und Cs
ausgewahltes Metall der Gruppe I; und

(iv) eine Vielzahl labiler, die Lewis-Base stabi-
lisierender Liganden, die jeweils gleich oder
voneinander verschieden sein kdnnen,

und wobei das thermische Zersetzungsverfahren
gleichzeitig eine cyclische Phosphinidenverbin-
dung [PR],, ergibt, in der n 4 bis 6 ist.

Verfahren nach einem der vorstehenden Anspri-
che, wobei der stabile heterometallische Phosphi-
nidenkomplex umfasst:

(i) eine Vielzahl von Phosphinidenliganden,
[PR], worin jedes R, die gleich oder voneinan-
der verschieden sein kénnen, aus C4-Cg-Alkyl,
verzweigtem Alkyl, Cycloalkyl oder Aryl ausge-
wahlt ist;

(ii) mindestens ein aus Ge, Sn, Pb, As, Sb und
Bi ausgewabhltes Metall;

(iii) mindestens ein aus Li, Na, K, Rb und Cs
ausgewahltes Metall;

(iv) eine Vielzahl labiler, die Lewis-Base stabi-
lisierender Liganden, die jeweils gleich oder
voneinander verschieden sein kdnnen,

und wobei das thermische Zersetzungsverfahren
gleichzeitig eine cyclische Phosphinidenverbin-
dung [PR],, ergibt, in der n 4 bis 6 ist.

Verfahren nach einem der vorstehenden Anspri-
che, bei dem die thermische Zersetzung bei einer
Temperatur von mehr als 20°C durchgefuihrt wird.

Verfahren nach Anspruch 21, bei dem die thermi-
sche Zersetzung in einem Temperaturbereich zwi-
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

26
schen 25 und 100°C durchgefiihrt wird.

Verfahren nach einem der vorstehenden Anspri-
che, bei dem sich die Phosphinidenverbindung bei
der thermischen Zersetzung in Lésung in einem or-
ganischen Losungsmittel befindet.

Verfahren nach einem der vorstehenden Anspri-
che, bei dem das organische Lésungsmittel aus ei-
nem Kohlenwasserstoff wie n-Alkan, einem aroma-
tischen Kohlenwasserstoff wie Toluol oder THF
ausgewahlt ist.

Verfahren nach einem der vorstehenden Anspri-
che, bei dem der stabile heterometallische Phos-
phinidenkomplex durch die Formel [Sb
(PCy)s]oLig6MesNH,  {[Cyclo-(CyP),Sb]Na-Me,
NH-TMEDA}, oder [(iBuP);As-Li- TMEDA-THF],
worin Cy Cyclohexyl ist, dargestellt werden kann.

Verfahren nach einem der vorstehenden Anspri-
che, bei dem die Zintl-Verbindung ein polymetalli-
sches, aus Atomen eines oder mehrerer Metalle be-
stehendes Anion umfasst, wobei das polymetalli-
sche Anion ggfs. mit Metallkationen koordiniert sein
kann und die Metallkationen mit Lewis-Base-Ligan-
den koordiniert sind.

Verfahren nach Anspruch 28, bei dem die Zintl-Ver-
bindung ein aus Atomen eines Metalls M' beste-
hendes polymetallisches Anion umfasst, wobei das
polymetallische Anion ggfs. mit Kationen eines Me-
talls M2 koordiniert sein kann und die Kationen ei-
nes Metalls M2 mit Lewis-Base-Liganden Lg koor-
diniert sind.

Verfahren nach Anspruch 28, bei dem die Zintl-Ver-
bindung die Formel (M'),(M2)(Lg), hat, wobei
M1, M2 und Lg wie in Anspruch 29 definiert sind und
n', m'und p' jeweils im Bereich von 1 bis 10 liegen.

Verfahren nach Anspruch 29 oder 30, bei dem M!
ein Metall der Gruppe 13, 14 oder 15 des Perioden-
systems ist.

Verfahren nach Anspruch 29, bei dem M? ein Metall
der Gruppe 15 des Periodensystems ist.

Verfahren nach Anspruch 32, bei dem M' aus As,
Sb und Bi ausgewahlt ist.

Verfahren nach einem der Anspriiche 29 bis 33, bei
dem M2 ein Metall der Gruppe 1 des Periodensy-
stems ist.

Verfahren nach Anspruch 34, bei dem M2 Li, Na, K
oder Rb ist.
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37.

38.

39.

40.

1.

42,

43.

44,
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Verfahren nach einem der Anspriiche 30 bis 35, bei
dem der Lewis-Base- Lg eine oder mehrere prima-
re, sekundare oder tertidre Amingruppen oder eine
Ethergruppe umfasst.

Verfahren nach Anspruch 36, bei dem der Lewis-
Base-Lg ein priméres, sekundares oder tertidres
Amin der Formel RTR2R3N, in der R', R2 und R3
jeweils Wasserstoff, eine C4-Cg-Alkylgruppe oder
eine Cg-Cyo-Arylgruppe, ein Polyamin, permethy-
liertes Polyamin, Pyridin bzw. Polypyridin darstel-
len, oder Tetrahydrofuran ist.

Verfahren nach Anspruch 37, bei dem der Lewis-
Base-Lg aus Dimethylamin, TMEDA {[(CHj),
NCH,],} und PMDETA {[(CH3),NCH,CH,],NCH3}
ausgewahlt ist.

Verfahren nach einem der vorstehenden Anspru-
che, bei dem der Phosphinidenkomplex vor der
thermischen Zersetzung mit einem priméren oder
sekundaren Amin in Kontakt gebracht wird.

Verfahren nach Anspruch 39, bei dem der Phosphi-
nidenkomplex, der mit dem primaren oder sekun-
daren Amin in Kontakt gebracht wird, frei von sta-
bilisierenden Lewis-Base-Liganden ist.

Verfahren nach Anspruch 39, bei dem der Phosphi-
nidenkomplex, der mit dem primaren oder sekun-
daren Amin in Kontakt gebracht wird, einen stabili-
sierenden Lewis-Base-Liganden enthélt, der apro-
tisch ist.

Verfahren nach einem der Anspriiche 39 bis 41, bei
dem der Phosphinidenkomplex mit Dimethylamin in
Kontakt gebracht wird.

Verfahren zur Herstellung einer intermetallischen
Verbindung, umfassend

(a) die Herstellung einer Zintl-Verbindung nach
einem Verfahren nach einem der vorstehenden
Anspriche, wobei die Zintl-Verbindung ein
mehratomiges Anion umfasst, das aus Atomen
eines Metalls M! besteht, wobei das mehrato-
mige Anion ggfs. mit Kationen eines Metalls M2
koordiniert sein kann und die Kationen eines
Metalls M2 mit stabilisierenden Liganden Lg ko-
ordiniert sind, und

(b) die anschlieRende Entfernung der stabilisie-
renden Liganden.

Verfahren zur Herstellung einer intermetallischen
Verbindung nach Anspruch 43, bei dem die stabili-
sierenden Liganden Lewis-Base Liganden sind.
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45. Verfahren zur Herstellung einer intermetallischen

46.

47.

48.

49.

50.

51.

52.

53.

Verbindung nach Anspruch 43 oder 44, bei dem die
stabilisierenden Liganden unter verringertem Druck
entfernt werden.

Verfahren zur Herstellung einer intermetallischen
Verbindung, umfassend

(a) die Herstellung einer Zintl-Verbindung, in-
dem man einen heterometallischen Phosphini-
denkomplex einer thermischen Zersetzung un-
terwirft, wobei die Zintl-Verbindung ein mehra-
tomiges Anion umfasst, das aus Atomen eines
Metalls M'! besteht, wobei das mehratomige
Anion ggfs. mit Kationen eines Metalls M2 ko-
ordiniert sein kann und die Kationen eines Me-
talls M2 mit stabilisierenden Liganden Lg koor-
diniert sind, und

(b) die anschlieRende Entfernung der stabilisie-
renden Liganden.

Verfahren zur Herstellung einer intermetallischen
Verbindung nach Anspruch 46, bei dem der hetero-
metallische Phosphinidenkomplex wie in einem der
Anspriiche 2 bis 11 definiert ist.

Verfahren zur Herstellung einer intermetallischen
Verbindung nach Anspruch 46 oder 47, bei dem die
Zintl-Verbindung wie in einem der Anspriiche 28 bis
38 definiert ist.

Verfahren zur Herstellung einer intermetallischen
Verbindung nach einem der Anspriiche 46 bis 48,
bei dem die thermische Zersetzung bei einer Tem-
peratur von mehr als 20°C durchgefihrt wird.

Verfahren zur Herstellung einer intermetallischen
Verbindung nach Anspruch 49, bei dem die thermi-
sche Zersetzung in einem Temperaturbereich zwi-
schen 25 und 100°C durchgefiihrt wird.

Verfahren nach Anspruch 48 bis 50, bei dem sich
die Phosphinidenverbindung bei der thermischen
Zersetzung in Lésung in einem organischen L6-
sungsmittel befindet.

Verfahren nach Anspruch 51, bei dem das organi-
sche Lésungsmittel aus einem Kohlenwasserstoff
wie n-Alkan, einem aromatischen Kohlenwasser-
stoff wie Toluol oder THF ausgewahlt ist.

Verfahren zur Ausbildung einer intermetallischen
Schicht auf einer Oberflache, das umfasst:

(a) das Aufbringen einer Zintl-Verbindung auf
die Oberflache, wobei die Zintl-Verbindung ein
mehratomiges Anion umfasst, das aus Atomen



29

eines Metalls M besteht, wobei das mehrato-
mige Anion mit Kationen eines Metalls M2 ko-
ordiniert ist und die Kationen eines Metalls M2
mit stabilisierenden Liganden Lg koordiniert
sind, und

(b) die anschlieRende Entfernung der stabilisie-
renden Liganden.

54. Verfahren zur Ausbildung einer intermetallischen

Schicht auf einer Oberflache, das umfasst:

(a) das Aufbringen einer heterometallischen
Phosphinidenverbindung auf die Oberflache,
wobei die heterometallische Phosphinidenver-
bindung wie in einem der Anspriiche 1 bis 22
definiert ist,

(b) das thermisches Zersetzen der heterome-
tallischen Phosphinidenverbindung mit gleich-
zeitigem Verlust des stabilisierenden Liganden.

55. Verfahren zur Ausbildung einer intermetallischen

Schicht auf einer Oberflache, das umfasst:

(a) das Aufbringen einer heterometallischen
Phosphinidenverbindung auf die Oberflache,
wobei die heterometallische Phosphinidenver-
bindung wie in einem der Anspriiche 1 bis 22
definiert ist,

(b) die thermische Zersetzung der heterometal-
lischen Phosphinidenverbindung zu einer Zintl-
Verbindung, wobei die Zintl-Verbindung um-
fasst: ein mehratomiges Anion, das aus Ato-
men eines Metalls M besteht, und Kationen ei-
nes Metalls M2, die mit stabilisierenden Ligan-
den koordiniert sind, und

(b) die anschlieRende Entfernung der stabilisie-
renden Liganden.

56. Verfahren nach einem der Anspriiche 53 bis 55, bei

dem die Oberflache ein Oberflachenteil eines elek-
tronischen Bauteils ist.

57. Verfahren zur Herstellung eines elektronischen

Bauteils mit einer intermetallischen Schicht auf ei-
nem Teil seiner Oberflache, umfassend:

(a) das Aufbringen einer Zintl-Verbindung auf
die Oberflache, wobei die Zint1-Verbindung ein
mehratomiges Anion umfasst, das aus Atomen
eines Metalls M' besteht, wobei das mehrato-
mige Anion ggfs. mit Kationen eines Metalls M2
koordiniert sein kann und die Kationen eines
Metalls M2 mit stabilisierenden Liganden Lg ko-
ordiniert sind, und

&)

10

15

20

25

30

35

40

45

50

55

16

EP 1073 775 B1

58.

59.

60.

61.

62.

63.

30

(b) die anschlieRende Entfernung der stabilisie-
renden Liganden.

Verfahren zur Herstellung einer intermetallischen
Schicht auf einer Oberflache oder einem Oberfla-
chenteil eines elektronischen Bauteils, umfassend

(a) das Aufbringen einer heterometallischen
Phosphinidenverbindung auf die Oberflache,
wobei die heterometallische Phosphinidenver-
bindung wie in einem der Anspriiche 1 bis 22
definiert ist,

(b) die thermische Zersetzung der heterometal-
lischen Phosphinidenverbindung mit gleichzei-
tigem Verlust des stabilisierenden Liganden.

Verfahren zur Herstellung eines elektronischen
Bauteils mit einer intermetallischen Schicht auf ei-
nem Teil seiner Oberflache, umfassend:

(a) das Aufbringen einer heterometallischen
Phosphinidenverbindung auf die Oberflache,
wobei die heterometallische Phosphinidenver-
bindung wie in einem der Anspriche 1 bis 22
definiert ist;

(b) die thermische Zersetzung der heterometal-
lischen Phosphinidenverbindung zu einer Zintl-
Verbindung, wobei die Zintl-Verbindung um-
fasst: ein mehratomiges Anion, das aus Ato-
men eines Metalls M1 besteht, und Kationen ei-
nes Metalls M2, die mit stabilisierenden Ligan-
den koordiniert sind, und

(b) die anschlieRende Entfernung der stabilisie-
renden Liganden.

Verfahren nach einem der Anspriiche 57 bis 59, bei
dem die intermetallische Schicht bei der Verwen-
dung so adaptiert ist, dass sie Elektronen aussen-
det.

Verfahren nach einem der Anspriiche 57 bis 59, bei
dem das elektronische Bauteil ein photoelektri-
sches Bauteil ist.

Verwendung eines stabilen heterometallischen
Phosphinidenkomplexes als Vorlaufer flir die Ab-
scheidung eines intermetallischen Legierungsfilms.

Verwendung eines stabilen heterometallischen
Phosphinidenkomplexes wie in einem der Anspri-
che 2 bis 36 definiert als Vorlaufer fiir die Abschei-
dung eines intermetallischen Legierungsfilms.
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Revendications

10.

1.

12,

Procédé de production d'un composé de Zintl com-
prenant I'exposition d'un complexe de phosphinide-
ne hétérométallique a une décomposition thermi-
que.

Procédé selon la revendication 1 ou le complexe de
phosphinidéne hétérométallique comprend au
moins deux métaux.

Procédé selon la revendication 2 ou I'un desdits mé-
taux est un métal du groupe 13, 14 ou 15 du tableau
périodique.

Procédé selon larevendication 3 ou I'un desdits mé-
taux est un métal du groupe 15 du tableau périodi-
que.

Procédé selon larevendication 3 ou I'un desdits mé-
taux est choisi parmi As, Sb et Bi.

Procédé selon la revendication 2 ou I'un desdits mé-
taux est un métal du groupe 1 du tableau périodi-
que.

Procédé selon la revendication 6 ou I'un desdits mé-
taux est Li, Na, K, Rb ou Cs.

Procédé selon I'une quelconque des revendications
précédentes ou le complexe de phosphinidéne hé-
térométallique contient un ou plusieurs ligands
phosphinidénes, qui peuvent étre identiques ou dif-
férents, et ayant un atome de phosphore lié de ma-
niére covalente a un groupe hydrocarboné substi-
tué ou non substitué.

Procédé selon la revendication 8 ou le groupe hy-
drocarboné substitué ou non substitué contient 1 a
15, de préférence 4 a 10 atomes de carbone.

Procédé selon la revendication 9 ou le groupe hy-
drocarboné substitué ou non substitué est choisi
parmi les groupes alkyle, alcényle, alcynyle, cy-
cloalkyle, aryle, aralkyle, alkylaryle, ou le substi-
tuant ou les substituants peuvent étre choisis parmi
les groupes fluoro et alkylsilyle en C4-Cg.

Procédé selon I'une quelconque des revendications
8-10 ou le complexe de phosphinidéne hétéromé-
tallique contient un ou plusieurs ligands phosphini-
denes ayant un atome de phosphore lié de maniére
covalente a un groupe cyclohexyle.

Procédé selon I'une quelconque des revendications
précédentes ou I'atome de phosphore du ou de cha-
que ligand phosphinidéne est coordiné avec quatre
atomes métalliques.
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18.

19.

20.

21.
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Procédé selon la revendication 12 ou I'atome de
phosphore du ou de chaque ligand phosphinidene
est coordiné avec trois atomes métalliques du grou-
pe I.

Procédé selon la revendication 12 ou la revendica-
tion 13 ou I'atome de phosphore du ou de chaque
ligand phosphinidéne est coordiné avec un atome
métallique du groupe 13, 14 ou 15.

Procédé selon I'une quelconque des revendications
précédentes ou le complexe de phosphinidene hé-
térométallique comprend un second ligand qui est
une base de Lewis.

Procédé selon la revendication 15 ou la base de
Lewis comprend un ou plusieurs groupes amine pri-
maires, secondaires ou tertiaires ou un groupe
éther.

Procédé selon la revendication 16 ou la base de
Lewis est une amine primaire, secondaire ou tertiai-
re de formule R'R2R3N ol R', R? et R3 représen-
tent chacun I'hydrogéene, un groupe alkyle en C4-Cg
ou un groupe aryle en Cg-C,q, une polyamine, une
polyamine perméthylée, la pyridine ou la polypyri-
dine, ou le tétrahydrofurane.

Procédé selon la revendication 17 ou la base de
Lewis est choisie parmi la diméthylamine, TMEDA
{[(CH3),NCH,],} et PMDETA {[(CH5),NCH,
CH,]o,NCHa3}.

Procédé selon I'une quelconque des revendications
précédentes ou la décomposition thermique con-
duit a la production simultanée d'un composé du
phosphore ayant au moins une liaison P-P.

Procédé selon la revendication 16 ou le composé
du phosphore produit simultanément est un phos-
phinidene cyclique.

Procédé selon I'une quelconque des revendications
précédentes ou le complexe de phosphinidene hé-
térométallique stable comprend :

(i) une pluralit¢ de ligands phosphinidenes,
[PR], ou chaque R, qui peut étre identique ou
différent, est choisi parmi les groupes alkyle en
C4-Cg, alkyle ramifie, cycloalkyle et aryle,

(ii)) au moins un métal choisi parmi les métaux
du groupe 14 ou du groupe 15;

(iii) au moins un métal du groupe 1 choisi parmi
Li, Na, K, Rb, Cs ; et

(iv) une pluralité de ligands stabilisants bases
de Lewis, labiles, qui peuvent étre identiques
ou différents,
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29.
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et ledit procédé de décomposition thermique con-
duit a la production simultanée d'un composé de
phosphinidéne cyclique [PR],, ol n = 4-6.

Procédé selon I'une quelconque des revendications
précédentes ou le complexe de phosphinidene hé-
térométallique stable comprend :

(i) une pluralité de ligands phosphinidénes,
[PR], ou chaque R, qui peut étre identique ou
différent, est choisi parmi alkyle en C4-Cg, alk-
yle ramifié, cycloalkyle et aryle,

(ii) au moins un métal choisi parmi Ge, Sn, Pb,
As, Sb et Bi;

(iii) au moins un métal choisi parmi Li, Na, K,
RbetCs;

(iv) une pluralité de ligands stabilisants bases
de Lewis, labiles, qui peuvent étre identiques
ou différents,

et ledit procédé de décomposition thermique con-
duit a la production simultanée d'un composé de
phosphinidéne cyclique [PR],, ou n = 4-6.

Procédé selon I'une quelconque des revendications
précédentes ou la décomposition thermique est
réalisée a une température supérieure a 20°C.

Procédé selon la revendication 21 ou la décompo-
sition thermique est réalisée dans un domaine de
température de 25-100°C.

Procédé selon I'une quelconque des revendications
précédentes ou la décomposition thermique est
réalisée avec le composé de phosphinidéne en so-
lution dans un solvant organique.

Procédé selon I'une quelconque des revendications
précédentes ou le solvant organique est choisi par-
mi un hydrocarbure comme un n-alcane, un hydro-
carbure aromatique comme le toluéne, ou le THF.

Procédé selon I'une quelconque des revendications
précédentes ou le complexe de phosphinidéne hé-
térométallique stable peut étre représenté par la
formule [Sb(PCy);],Lig.6Me,NH, {[cyclo-(CyP),Sb]
Na.Me,NH.TMEDA}, ou [(BuP);As.Li. TMEDA.
THF], ou Cy = cyclohexyle.

Procédé selon I'une quelconque des revendications
précédentes ou le composé de Zintl comprend un
anion polymétallique consistant en atomes d'un ou
plusieurs métaux, ou ledit anion polymétallique
peut éventuellement étre coordiné avec des cations
métalliques, et les cations métalliques sont coordi-
nés avec des ligands bases de Lewis.

Procédé selon la revendication 28 ou le composé
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

34

de Zintl comprend un anion polymétallique consis-
tant en atomes d'un métal M1, ou ledit anion poly-
métallique peut éventuellement étre coordiné avec
des cations d'un métal M2, et les cations d'un métal
M2 sont coordinés avec des ligands bases de Lewis

Lg.

Procédé selon la revendication 28 ou le composé
de Zintl a la formule (M), (M2),,,, (Lg),y ou M1, M2
et Lg sont définis comme dans la revendication 29
etn', m'etp'sontchacun dans le domaine de 1 a 10.

Procédé selon la revendication 29 ou la revendica-
tion 30 ou M? est un métal du groupe 13, 14 ou 15
du tableau périodique.

Procédé selon la revendication 29 ou M est un mé-
tal du groupe 15 du tableau périodique.

Procédé selon la revendication 32 o M' est choisi
parmi As, Sb et Bi.

Procédé selon I'une quelconque des revendications
29 & 33 ol M2 est un métal du groupe 1 du tableau
périodique.

Procédé selon la revendication 34 ou M2 est Li, Na,
K ou Rb.

Procédé selon I'une quelconque des revendications
30 a 35 ou la base de Lewis Lg comprend un ou
plusieurs groupes amine primaires, secondaires ou
tertiaires ou un groupe éther.

Procédé selon la revendication 36 ou la base de
Lewis Lg est une amine primaire, secondaire ou ter-
tiaire de formule R'R2R3N ou R', R? et R3 repré-
sentent chacun I'hydrogéne, un groupe alkyle en
C4-Cg ou un groupe aryle en C4-C,q, une polyami-
ne, une polyamine perméthylée, la pyridine, la po-
lypyridine ou le tétrahydrofurane.

Procédé selon la revendication 37 ou la base de
Lewis Lg est choisie parmi la diméthylamine, TME-
DA {[(CH3),NCH,],} et PMDETA {[(CH3),NCH,
CH,]o,NCHa3}.

Procédé selon I'une quelconque des revendications
précédentes ou le complexe de phosphinidéne est
mis en contact avec une amine primaire ou secon-
daire avant d'étre soumis a une décomposition ther-
mique.

Procédé selon la revendication 39 ou le complexe
de phosphinidéne qui est mis en contact avec la ba-
se primaire ou secondaire est exempt de ligands
bases de Lewis stabilisants.



41.

42,

43,

44,

45,

46.

47.

48.
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Procédé selon la revendication 39 ou le complexe
de phosphinidéne qui est mis en contact avec une
amine primaire ou secondaire contient un ligand ba-
se de Lewis stabilisant qui est aprotique.

Procédé selon I'une quelconque des revendications
39-41 ou le complexe de phosphinidéne est mis en
contact avec la diméthylamine.

Procédé de production d'un composé intermétalli-
que qui comprend :

(a) la formation d'un composé de Zintl par un
procédé selon |'une quelconque des revendica-
tions précédentes, ledit composé de Zintl com-
prenant un anion polyatomique consistant en
atomes d'un métal M', ou ledit anion polyato-
mique peut éventuellement étre coordiné avec
des cations d'un métal M2, et les cations d'un
métal M2 sont coordinés avec des ligands sta-
bilisants Lg, puis

(b) le retrait des ligands stabilisants.

Procédé de production d'un composé intermétalli-
que selon la revendication 43 ou les ligands stabi-
lisants sont des ligands bases de Lewis.

Procédé de production d'un composé intermétalli-
que selon la revendication 43 ou la revendication
44 ou les ligands stabilisants sont retirés sous pres-
sion réduite.

Procédé de production d'un composé intermétalli-
que qui comprend :

(a) la formation d'un composé de Zintl par ex-
position d'un complexe de phosphinidéne hé-
térométallique a une décomposition thermique,
ledit composé de Zintl comprenant un anion po-
lyatomique consistant en atomes d'un métal
M1, oul ledit anion polyatomique peut éventuel-
lement étre coordiné avec des cations d'un mé-
tal M2, et les cations d'un métal M2 sont coor-
dinés avec des ligands stabilisants Lg, puis
(b) le retrait des ligands stabilisants.

Procédé de production d'un composé intermétalli-
que selon la revendication 46 ou le complexe de
phosphinidéne hétérométallique est défini comme
dans l'une quelconque des revendications 2-11.

Procédé de production d'un composé intermétalli-
que selon la revendication 46 ou 47 ou le composé
de Zintl est défini comme dans I'une quelconque
des revendications 28 a 38.

Procédé de production d'un composé intermétalli-
que selon l'une quelconque des revendications 46
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50.
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53.

54.
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a 48 ou la décomposition thermique est réalisée a
une température supérieure a 20°C.

Procédé de production d'un composé intermétalli-
que selon la revendication 49 ou la décomposition
thermique est réalisée dans un domaine de tempé-
rature de 25-100°C.

Procédé selon les revendications 48-50 ou la dé-
composition thermique est réalisée avec le compo-
sé de phosphinidene en solution dans un solvant
organique.

Procédé selon la revendication 51 ou le solvant or-
ganique est choisi parmi un hydrocarbure comme
un n-alcane, un hydrocarbure aromatique comme
le toluéne, et le THF.

Procédé de formation d'une couche intermétallique
sur une surface, lequel procédé comprend :

(a) I'application d'un composé de Zintl a la sur-
face, ledit composé de Zintl comprenant un
anion polyatomique consistant en atomes d'un
métal M, ou ledit anion polyatomique est coor-
diné avec des cations d'un métal M2, et les ca-
tions d'un métal M2 sont coordinés avec des li-
gands stabilisants Lg, puis

(b) le retrait des ligands stabilisants.

Procédé de formation d'une couche intermétallique
sur une surface, lequel procédé comprend :

(a) I'application d'un composé de phosphinidé-
ne hétérométallique a la surface, ledit composé
de phosphinidene hétérométallique étant défini
comme dans l'une quelconque des revendica-
tions 1 a 22,

(b) I'exposition du composé de phosphinidene
hétérométallique a une décomposition thermi-
que avec perte concomitante de ligand stabili-
sant.

55. Procédé de formation d'une couche intermétallique

sur une surface, lequel procédé comprend :

(a) I'application d'un composé de phosphinidé-
ne hétérométallique a la surface, ledit composé
de phosphinidene hétérométallique étant défini
comme dans l'une quelconque des revendica-
tions 1 a 22,

(b) I'exposition du composé de phosphinidene
hétérométallique a une décomposition thermi-
que en un composé de Zintl, ledit composé de
Zintl comprenant un anion polyatomique con-
sistant en atomes d'un métal M! et un cation
d'un métal M2 qui sont coordinés avec des li-
gands stabilisants, puis
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(c) le retrait des ligands stabilisants.

56. Procédé selon I'une quelconque des revendications

53-55 ou ladite surface est une partie de surface
d'un dispositif électronique.

57. Procédé de fabrication d'un dispositif électronique

ayant une couche intermétallique sur une partie de
surface, qui comprend :

(a) I'application d'un composé de Zintl a la sur-
face, ledit composé de Zinti comprenant un
anion polyatomique consistant en atomes d'un
métal M1, ou ledit anion polyatomique peut
éventuellement étre coordiné avec des cations
d'un métal M2, et les cations d'un métal M2 sont
coordinés avec des ligands stabilisants, puis
(c) le retrait des ligands stabilisants.

58. Procédé de formation d'une couche intermétallique

sur une surface ou partie de surface d'un dispositif
électronique, lequel procédé comprend :

(a) I'application d'un composé de phosphinidé-
ne hétérométallique a la surface, ledit composé
de phosphinidéne hétérométallique étant défini
comme dans I'une quelconque des revendica-
tions 1 a 22,

(b) I'exposition du. composé de phosphinidéne
hétérométallique a une décomposition thermi-
que avec perte concomitante de ligand stabili-
sant.

59. Procédé de fabrication d'un dispositif électronique

ayant une couche intermétallique sur une partie de
surface, qui comprend :

(a) I'application d'un composé de phosphinidé-
ne hétérométallique a la surface, ledit composé
de phosphinidéne hétérométallique étant défini
comme dans l'une quelconque des revendica-
tions 1 a 22,

(b) I'exposition du composé de phosphinidéne
hétérométallique a une décomposition thermi-
que en un composé de Zintl, ledit composé de
Zintl comprenant un anion polyatomique con-
sistant en atomes d'un métal M et un cation
d'un métal M2 qui sont coordinés avec des li-
gands stabilisants, puis

(c) le retrait des ligands stabilisants.

60. Procédé selon I'une quelconque des revendications

61.

57-59 ou la couche intermétallique est adaptée
pendant I'utilisation pour jouer le réle d'un émetteur
d'électrons.

Procédé selon I'une quelconque des revendications
57-59 ou le dispositif électronique est un dispositif
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62.

63.
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photoélectrique.

Utilisation d'un complexe de phosphinidene hétéro-
métallique stable comme précurseur pour le dép6t
d'un film d'alliage intermétallique.

Utilisation d'un complexe de phosphinidéne hétéro-
métallique stable selon I'une quelconque des re-
vendications 2 a 36 comme précurseur pour le dé-
p6t d'un film d'alliage intermétallique.
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